The search for unusual behavior in uranium-based intermetallic compounds has been underway for many years 1 and has had a varied and fruitful history. 2 During the past decade the main focus was on the strongly correlated materials where a vigorous hybridization occurs between the conduction electrons and the nearly localized 5 f electrons of the U ion. Here a variety of unconventional magnetic and ͑coexist-ing͒ superconducting ground states are observed 3 and nicely described via a heavy-mass Fermi-liquid model. 4 More modern interest has shifted to non-Fermi-liquid behavior, 5 usually caused by disorder, and now an unordered ground state is under study.
A somewhat neglected phenomenon ͑from the modern standpoint͒ is the magnetoelastic interaction between the U ion with its spin and orbital moments and the underlying lattice. Yet past experience 6, 7 has taught us that some U compounds do exhibit magnetic transitions which are strongly coupled to the lattice and thus affect the crystal structure. This, in a few cases, e.g., ͑insulating͒ fcc-UO 2 ͑Ref. 8͒ and ͑metallic͒ dhcp-UPd 3 , 9 results in a change of the crystal symmetry via lattice distortions, usually denominated a quadrupolar ordering or cooperative Jahn-Teller effect. The above two systems represent well-known examples of such spin-lattice transitions: at a single first-order transition temperature for UO 2 : T N ϭ30.8 K, or at two different critical temperatures for UPd 3 : T 1 ϭ6.5 K, quadrupolar and T 2 ϭ4.5 K, also magnetic. These distinct compounds ͑one insulating, the other metallic͒ seem to possess similar U 4ϩ (5 f 2 ) valencies whose crystal electric field ͑CEF͒ splitting allows quadrupolar active states, e.g., ⌫ 5 ͑triplets͒ or ⌫ 3 ͑doublets͒, to interact and also to couple with the usual spin antiferromagnetism, thereby creating the quadrupole-dipole transitions. Nevertheless, in the vast literature of the U-based materials reports on these types of transitions are surprisingly limited to compounds with well-defined ͑nonhybrid-ized͒ U moments.
Recently Becker et al. 10 have grown well-characterized single crystals of a new uranium compound, U 2 Rh 3 Si 5 , and investigated its bulk physical properties, i.e., specific heat, magnetic susceptibility and electrical resistivity. U 2 Rh 3 Si 5 forms in the monoclinic Lu 2 Co 3 Si 5 structure with space group C2/c. 11 The monoclinic distortion is so small that we can represent our system in a quasiorthorhombic symmetry (U 2 Co 3 Si 5 structure, Ibam͒ with orthogonal axes aЈ ជ , b ជ , and c ជ . 12 Dramatic effects have been observed in all of the above bulk properties at a single critical temperature T 0 ϭ25.7 K ͑Ref. 10͒ that suggest a first-order phase transition into a simultaneous spin-quadrupolar ordering.
In order to directly probe the lattice behavior and to further determine the field dependence of this unusual transition, we have measured the thermal expansion, ⌬l i /l i , and high-field magnetization, M i , along the three main quasiorthorhombic axes of U 2 Rh 3 Si 5 . Discontinuities are found in ⌬l i /l i at T 0 where there is also a step in the crystal volume. In contrast, only along the b axis does M b (H) exhibit a dramatic, T-dependent metamagnetic transition where the U moments switch within a tiny field interval from 0.05 to 1.7 B . The aЈ and c axes remain unperturbed up to 30 T with small induced moments. Our thermal expansion results illustrate that the lattice is strongly involved in the first-order phase transition at T 0 and the crystal structure distorts along the c axis. The metamagnetic transition ͑also of first order͒ along the b axis indicates the easy direction of spin alignment 12 and its sensitivity to a ferromagnetic reorientation in sufficiently large fields.
The sample of U 2 Rh 3 Si 5 has been grown in a triarc furnace using the Czochralski method in high-purity argon atmosphere and is taken from the same single crystal as in Ref.
10. An electron-probe microanalyzer ͑EPMA͒ established the sample to be single-phase material with a maximum limit of Ϸ1% for impurities and second phases. Laue-x-ray diffraction verified the single crystallite and proper orientation.
A cube of 1.4 mm ϫ 1.4 mm ϫ 1 mm aligned along the quasiorthorhombic axes aЈ ជ , b ជ , and c ជ ͓with aЈ ជ Ќ(b ជ , c ជ )͔ has been formed by spark erosion. The accuracy of the alignment of the sample is of the same order as the monoclinic distortion, viz., less than 1°.
Measurements of thermal expansion have been performed by using a sensitive three-terminal capacitance method and the temperature varied from 4.3 K to 50 K. The sample was mounted in a parallel-plate capacitance cell made of oxygenfree high conductivity copper. The high-field magnetization measurements were performed in pulsed magnetic fields up to 30 T at the Research Center for Materials Science at Extreme Conditions, Osaka University.
The thermal expansion ⌬l i /l i ϵ͓l i (T)Ϫl i (4.5 K)]/ l i (4.5 K) versus temperature curves are shown in Fig. 1 ͑up-per panel͒ along the aЈ ជ , b ជ , and c ជ directions. The volume expansion ⌬V/Vϵ͓V(T)ϪV(4.5 K)]/V(4.5 K) as a function of temperature has been calculated from the length changes along the three perpendicular axes and is also presented in Fig. 1 . Note that the same scale is used in Fig. 1 but the volume change has been shifted downward by one unit for clarity.
Between 50 K and 27 K the length change in the aЈ ជ , b ជ , and c ជ directions are linear in temperature, increasing along the aЈ and c axes, decreasing along the b axis, with decreasing temperature. Below 25 K the aЈ and b axes hardly expand in contrast to the c direction that continuously contracts as the temperature increases. At the ordering temperature all directions show very steep changes in the thermal expansion. To illustrate this the center panel of Fig. 1 Ϫ5 . Figure 1 ͑lower panel͒ displays the thermal expansion coefficient ␣ i (T)ϭd(⌬l i /l i )/dT along the aЈ and c axes, respectively. The curves have been calculated by numerically differentiating the thermal expansion data. The abovementioned temperature smearing prevents the ␣ i from diverging, nevertheless rather large values of 6ϫ10 Ϫ5 K Ϫ1 are reached at T 0 ϭ25.7 K. ␣ a Ј (T) and ␣ b (T) ͑not shown͒ change sign at T 0 while ␣ c (T) remains negative in the whole measured temperature range.
In Fig. 2 Fig. 2 shows the derivative of the magnetization with respect to the applied field along the b axis. The jump in the magnetization is clearly reflected in the peak. In addition, a tiny hysteretic behavior with a width of Ϸ 50 mT is observed by sweeping the field up or down through the metamagnetic transition using a slowly varying dc field up to 16 T. The thermal expansion measurements with their distinct steps at T 0 offer strong evidence for a first-order phase transition. The experimental fact that there is only one critical temperature, T 0 ϭ25.7 K, as determined by both magnetic and structural probes, demonstrates the strong spinlattice coupling. With respect to the single, first-order transition U 2 Rh 3 Si 5 can be compared to UO 2 . 8 However, in U 2 Rh 3 Si 5 , a metal, the Fermi surface is involved in the transition. Due to the magnetic ordering, the Fermi surface reconstructs 13 as is indicated by the observed steps in the electrical conductivity. 10 Since the density of states at E F directly influences the electronic contribution to ␣ i (T), this reconstruction could lead to the large c-axis expansion which tracks the volume change.
Remarkably, the thermal expansion coefficients of the aЈ, c direction and of the volume are negative even in the paramagnetic state (TϾT 0 ). As phonons generally lead to positive values for ␣ i (T), the thermal expansion in U 2 Rh 3 Si 5 must be governed by crystalline electric field ͑CEF͒ effects. In fact, smooth changes in susceptibility and resistivity measurements have also been attributed to CEF. 10 The influence of the CEF on the thermal expansion has been recently studied in orthorhombic ErCu 2 . A knowledge of the CEF parameters and the elastic constants enables Gratz et al.
14 to calculate the thermal expansion in the paramagnetic state. Unfortunately the above quantities are not yet known for U 2 Rh 3 Si 5 .
Although in the paramagnetic state the thermal expansion behavior of U 2 Rh 3 Si 5 is governed by the CEF, at T 0 additional ''bootstrapping'' interactions come into play and lead to the single first-order transition. The lattice deformations are the result of a delicate balance between the magnetic, electronic, and elastic energies that are controlled by the exchange, magnetoelastic, quadrupolar, 7 and electron-local moment interactions. 13 The experimentally observed scaling of the sublattice magnetization ͓ a Ј ϭ 0.89 B and b ϭ 1.5 B ͑Ref. 12͔͒ with the jumps in the thermal expansion (␦ a Ј ϭϩ2ϫ10 Ϫ5 and ␦ b ϭϪ4ϫ10 Ϫ5 ) suggests the importance of magnetoelastic effects, which could be established via magnetostriction experiments. 7 Measurements of the elastic constants would enable one to understand the quadrupolar interactions present in U 2 Rh 3 Si 5 .
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Our field-dependent studies demonstrate the sensitivity of the ordered magnetic structure to a field of singular alignment. The magnetization measurements show the b direction to be the easy magnetic axis. This agrees with the magnetic structure as determined by neutron diffraction. 12 The metamagnetic transitions, illustrated in the magnetic phase diagram of Fig. 3 , are of first order with a small hysteresis and large induced moment change. The M a Ј and the M c are hardly affected by fields up to 30 T. This indicates the strong magnetic anisotropy that is different from the crystallographic one found in ⌬l i /l i .
In summary we have detected a first-order phase transition in the lattice parameters and the total volume of U 2 Rh 3 Si 5 at T 0 ϭ 25.7 K that is similar to the magnetic transition observed previously in the specific heat, susceptibility, and resistivity. A first-order metamagnetic transition occurs only in the b-axis magnetization for TϽT 0 where there is a large moment change. These results evince the strong coupling of the lattice to the spin system. The Fermi surface reconstruction at T 0 adds a facet to the behavior of U 2 Rh 3 Si 5 that warrants further investigations. We wish to acknowledge the metallurgical assistance of R. Hendrikx and T. J. Grotenmulder. This work was partially supported by the Nederlandse Stichting Fundamental Onderzoek der Materie ͑FOM͒ and by the Grant-in-Aid from the Ministry of Education, Science and Culture. 
